Background: Cancer is mainly a disease of older patients. In older cancer patients, additional endpoints such as quality of survival and daily functioning might be considered equally relevant as overall or disease free survival. However, these factors have been understudied using prospective designs focussing on older cancer patients. Therefore, this study will focus on the impact of cancer, ageing, and their interaction on the long-term wellbeing of older cancer patients. Methods/Design: This study is an observational cohort study. We aim to recruit 720 cancer patients above 70 years with a new diagnosis of breast, prostate, lung or gastrointestinal cancer and two control groups: one control group of 720 patients above 70 years without a previous diagnosis of cancer and one control group of 720 cancer patients between 50 -69 years newly diagnosed with breast, prostate, lung or gastrointestinal cancer. Data collection will take place at inclusion, after six months, after one year and every subsequent year until death or end of the study. Data will be collected through personal interviews (consisting of socio-demographic information, general health information, a comprehensive geriatric assessment, quality of life, health locus of control and a loneliness scale), a handgrip test, assessment of medical records, two buccal swabs and a blood sample from cancer patients (at baseline). As an annex study, caregivers of the participants will be recruited as well. Data collection for caregivers will consist of a self-administered questionnaire examining depression, coping, and burden.
Background
To a large extent, cancer is a disease of older people [1] and the number of older cancer patients will continue to increase [2] . Older patients have been under-represented in clinical trials [3] , which has resulted in a paucity of evidence-based guidelines for treatment of older cancer patients [4] . Over the past decades progress has been made in the field of geriatric oncology, nevertheless gaps remain [5] .
One gap is the limited knowledge on the specific impact of cancer diagnosis and treatment on wellbeing or quality of survival of older cancer patients. Nevertheless, "prolongation of active life expectancy" or "quality of survival" is besides prolongation of survival increasingly recognised as an important treatment goal [6] .
The impact of cancer diagnosis and treatment highly depends on the age of the patient. The assessment of ageing however is not straightforward. Chronological age by itself is not sufficient to assess ageing [6] .
Currently, one's physiological age is best estimated by a comprehensive geriatric assessment (CGA) [7] . A CGA is a multidisciplinary evaluation of an older individual's functional status, comorbidity, cognition, psychological status, social support, nutritional status and review of the patient's medications [8] . Unfortunately, a CGA is very time consuming. Therefore, a two-step approach using screening instruments has been suggested [9] . Examples are the abbreviated comprehensive geriatric assessment (aCGA) [10] , the Vulnerable Elders Survey (VES-13) [11] , the Groningen Frailty Index (GFI) [12] , and the G8 [13] which has been included in the EORTC minimal Dataset [14] . However, the predictive value of these shorter instruments remains to be demonstrated.
Next to the CGA, a person's true age can also be determined by its "molecular/biological" age. From this molecular point of view, telomere length has been described as a measure of ageing as it reflects the organism's age at a cellular level [15] [16] [17] . Several studies reported a relationship between telomere length, several age-sensitive measures, and mortality [18] [19] [20] [21] . However, more data are required from longitudinal studies that assess the association between telomere length and ageing-related functional measures and the impact of cancer on these parameters.
Age associated changes are also displayed by the immune system, which tends to result in a decreased immune competence also known as "immunosenescence" [22] [23] [24] . Currently, several longitudinal studies focusing on the very elderly, have started to reveal immune signatures or biomarkers of immune ageing consisting not of a single parameter, but a cluster of parameters increasingly recognized as an "immune risk profile" or IRP [25] [26] [27] . These parameters (CD4/CD8 T cell ratio < 1; cytomegalovirus (CMV) seropositivity; low B cell numbers; poor T cell proliferative responses) might be associated with mortality and aspects of wellbeing in a geriatric population. Therefore, they might potentially be used to identify people at risk for adverse outcomes and consequently develop interventions to delay or postpone these adverse outcomes. However, until now it remains to be determined whether the cluster of immune parameters in the IRP have a predictive value under any other circumstances, for instance in elderly cancer patients. Therefore, we aim to determine whether the IRP and other inflammatory markers (Interleukin-6 (IL-6); Tumour necrosis factor-α (TNF-α); Creactive protein (CRP)) are associated with wellbeing/ mortality in older cancer patients.
Besides patient related characteristics, the social network is a very important factor that influences the wellbeing of older cancer patients. Older cancer patients often rely on the presence of caregivers. Unfortunately, the tasks of caregivers sometimes result in negative consequences to the caregivers' emotional and physical health, which is referred to as caregiver distress [28] . From this perspective, it has been shown that caregivers of older cancer patients are at increased risk for depression, which might result as a consequence of the burden of providing care, but also as a result of inadequate coping mechanisms [29] . Furthermore, depression/distress among caregivers might also negatively affect the patients' wellbeing. Nevertheless, information regarding caregiver distress, burden and coping in relation with older cancer patient characteristics and stage of the illness is still scarce. A long-term follow-up of cancer patients and caregivers will allow us to find prognostic factors for caregiver distress and to give incentives for interventions. Therefore, we aim to determine the impact of patient characteristics (such as change in wellbeing, disease and treatment characteristics) and caregiver characteristics (such as coping strategy and perceived burden) on the occurrence of distress and depression among caregivers.
In conclusion, this study has three major goals: 1) To assess the impact of cancer, ageing and their interaction on subsequent wellbeing of older cancer patients; 2) To determine the association between different measures of ageing (age in life years, a CGA, its screening instruments, telomere length and immunological parameters) and evaluate their ability to predict wellbeing of older cancer patients; 3) To assess the impact of patient and caregiver characteristics on the occurrence of caregivers' distress.
Methods/Design
Study design and study population KLIMOP (Dutch acronym for project on older cancer patients in Belgium and the Netherlands) is a Belgian and Dutch observational prospective cohort study on older cancer patients aged 70 years and above and two control groups; older patients aged 70 years and above without a previous diagnosis of cancer (control for cancer) and cancer patients between 50 -69 years (control for ageing) (see Table 1 ). As an annex study, caregivers of participants will be included as well.
The study population will consist of Belgian and Dutch participants:
-Cases: 720 older persons (≥ 70 years), with a primary diagnosis of breast, prostate, lung or gastrointestinal cancer. Due to different procedures in the Belgian and Dutch hospitals, prostate cancer patients will not be included in Belgium.
-Control group 1 (control for cancer): 720 older persons (≥ 70 years), without a previous diagnosis of invasive cancer (except non-melanoma cancer of the skin).
-Control group 2 (control for ageing): 720 persons between 50 and 69 years old, with a primary diagnosis of breast, prostate, lung or gastrointestinal cancer. Prostate cancer patients will not be included in Belgium.
The caregiver population will consist of the (potential) caregivers of participating patients. In this study a caregiver is defined as the person who (most often) cares for a needy participant in his or her direct environment, or is most likely to do so when a participant becomes needy. The caregiver is related (family, friends, neighbours, volunteer, ...) to the participant and is not a professional caregiver [30] .
Details on the in-and exclusion criteria are listed in Table 2 . Control patients who become cases (older patients who become cancer patients) will be considered control and case for the respective periods. Controls, aged 70 years or older who will be diagnosed with cancer, other than breast, prostate, lung or gastrointestinal cancer will drop out. If the patient indicates that there is no caregiver, this will be recorded. If the patient indicates at the first follow-up visit he/she has a caregiver, the caregiver will be included at the first follow-up visit.
If the caregiver changes during the study, patients will be asked to indicate the reason. No other caregiver will be recruited.
Recruitment
Up to date, cancer patients are recruited through five hospitals in Belgium (Jessa Ziekenhuis, Ziekenhuis OostLimburg, Regionaal Ziekenhuis Sint-Trudo, Regionaal Ziekenhuis Heilig Hart Leuven, Universitair Ziekenhuis Leuven) and two in the Netherlands (Maastricht University Medical Centre and Atrium Medical Centre Parkstad Heerlen). Older patients without cancer are recruited through general practitioners affiliated with the department of General Practice of the K.U.Leuven and Maastricht University Medical Centre.
Study endpoints and data collection
The primary endpoint of this study is wellbeing of older cancer patients in comparison with younger cancer patients and older patients without a previous diagnosis of cancer. As wellbeing is a very broad concept, we defined four domains that we considered the most important indicators of wellbeing: quality of life, depression, functional status, and comorbidity. The secondary Table 2 In-and exclusion criteria endpoint of this study is caregiver distress. Caregiver distress is defined as the perceived burden and the extent of depressive feelings.
The most important co-variables are ageing, patients' characteristics, and caregivers' characteristics. The different measures of ageing include age in life years, degree of frailty measured by a CGA, the aCGA, the VES-13, the GFI, the G8 and telomere length as a measure of cell ageing. In the future, immunological parameters like Interleukin-6, Tumour necrosis factor-α, Creactive protein, CD4/CD8 T cell ratio and/or others linked to immunosenescence will be included in a sample of the patients. Patients' characteristics are operationalised as personal characteristics (socio-demographic information, distress, coping strategy, and health locus of control), disease characteristics (type of cancer and TNM classification), and treatment characteristics (type of treatment, treatment completion, complications, hospitalizations and complaints during treatment). Caregivers' characteristics are operationalised by sociodemographic information and coping strategy.
Data collection will take place at inclusion, after six months of follow-up, after one year of follow-up and every subsequent year until death or end of the study (see Figure 1 ). For cancer patients and older patients without cancer, data will be collected through personal interviews (consisting of socio-demographic information, general health information, a comprehensive geriatric assessment, quality of life, health locus of control and a loneliness scale), a handgrip test, medical information (extracted from the medical record) and two buccal swabs. In Belgium, a baseline blood sample will be collected as well for all cancer patients. The baseline interview of cancer patients (≥ 70 years and 50 -69 years) will take place at the hospital, scheduled together with other appointments. The baseline interview of older patients without cancer will take place during home visits, as well as the follow-up interviews of both cancer and non-cancer patients. For caregivers, data will be collected through self-administered questionnaires, which are partially given to them by the patients and partially sent by mail. A stamped envelope will be enclosed. The content of the data collection is summarized in Table 3 .
Sample size calculation
Sample size calculations were based on the primary objective of this study: to determine the impact of cancer diagnosis, ageing, and their interaction on subsequent wellbeing of older cancer patients. Separate instruments such as the GDS-15 measure the four domains that we considered the most important indicators of wellbeing. Therefore, the sample size was calculated for depression as a dichotomous endpoint. The prevalence of depression has been reported to be about 25% in older cancer patients [31] , while the prevalence of depression among community-dwelling older noncancer patients is considerably lower (<15%) [32] . However, higher and lower prevalences of depression have been reported as well. Therefore, we simulated a few sample size calculations with:
-differing prevalences of depression in the control group: ranging from 25% to 65% -a relative risk for disease (depression) in older cancer patients relative to controls of 1.5 -a power to reject the null hypothesis of 80% -a type I error probability of 0.05 -a ratio of cases versus controls of one Assuming these specifications, the total needed sample size was estimated between 626 patients (assuming a prevalence of depression of 25% in the control group) and 100 (assuming a prevalence of depression of 65% in the control group). In comparison with other studies on older patients, we assumed a loss to follow-up and a yearly mortality rate of 10% among the two control groups and a loss-to follow-up and a yearly mortality rate of 20% among older cancer patients [33] . Finally, per country, a sample size of 360 cases (cancer patients aged 70 years and older), 360 controls (group 1: cancer patients between 50 -69 years) and 360 controls (group 2: older patients without a previous diagnosis of cancer) per country was proposed, enabling within-country analyses. Nutritional status Participants will be asked whether they lost or gained weight in the past three months and how much 1 Social support Questions considering the availability of a caregiver and professional care
The loneliness scale [46] Ageing: Screening instruments Abbreviated CGA (aCGA) [10, 47] Vulnerable Elders Survey -13 (VES-13) [11] Groningen Frailty Index (GFI) [12] G8 [13] which has been included in the EORTC minimal Dataset [14] Quality of life EORTC QLQ-C30 [48] Distress Distress Barometer (DB) [49] Coping strategy The Utrecht Coping List (UCL) [50] Opinion on health and disease CD4/CD8 T cell ratio, CMV status, B cell number, IL-6, TNF-α CRP etc.
Questionnaire caregivers

Socio-demographic information
Coping strategy of caregiver
The Utrecht Coping List (UCL) [50] Caregivers distress 15-item Geriatric Depression scale (GDS15) [44] 12-item Zarit Burden Inventory (ZBI) [53] 1 We decided that the extra information given by the Mini Nutritional Assessment would not outweigh the burden of 18 extra questions, including circumferences of the calf and upper arm. 2 A limitation of the Charlston Comorbidity Index is that it does not take into account some disorders that might affect prognosis or evolution of quality of life in cancer patients. Therefore, some additional diseases will be registered as well (parkinsonism, blood transfusions, transplantations, thromboses, lung embolisms, a pacemaker, angina pectoris, a PCTA or a coronary bypass). 3 Only for cancer patients in Belgium
For caregivers, sample size was also calculated for depression as endpoint (instead of the combination of depression and burden). The prevalence of depression among caregivers ranges between 32 -50% [34] . Applying the same assumptions as for older cancer patients (relative risk of 1.5, a prevalence of depression of 25% -55% in the control group, a power of 80% and α 0.05) the estimated sample size was similar (626 -100). As some patients will not have a caregiver, we expect it feasible to recruit about half of the caregivers of all participants. We expect to recruit about 550 caregivers per country.
Ethics
The study protocol was approved by the Ethical Committee of the K.U.Leuven and U.Z.Leuven (S52097 -ML6279) (Belgium) and by the Medical Ethics Committee of the Maastricht University Medical Centre (NL31414. 
Data check and analysis
All interviews and other data collection (e.g. medical information) are processed using software developed for this project. Data is entered directly in the database using this program. The quality of the data entry is verified by automated checking for erroneous or missing entries. Standard statistical analyses will be used for describing patient characteristics and comparing older cancer patients with the two control groups at baseline and during follow-up. When applicable more complex statistical methods such as multivariable logistic regression, survival analysis and methods to deal with repeated measurements will be used. In all analyses, two sided pvalues will be used at a significance level of 0.05. In all future publications we will follow the STROBE criteria (Strengthening The Reporting of OBservational studies in Epidemiology) [35] .
Discussion
To our knowledge, this is the first prospective cohort study that focuses on the wellbeing of older long-term cancer survivors. This is surprising as the number of older cancer patients is expected to increase dramatically due to the ageing of the population and advances in early detection and cancer treatments [2] .
It has been repeatedly shown that older cancer patients are "less willing to compromise their quality of life for the potential of increased survival" [36] . Hence, in the geriatric oncology setting, traditional endpoints as survival might be less relevant. As suggested by Hurria & Balducci, other endpoints such as the quality of survival may be considered equally relevant [37] . However, information on the quality of survival is lacking. Previous prospective studies that focused at aspects of quality of survival such as functional status and quality of life had only limited follow-up. For example, three prospective studies of Puts et al., Minisine et al., and Marinello et al. investigated the functional status in older cancer patients, but only until 6 months of follow-up [38] [39] [40] . Therefore, this study is unique as we aim to evaluate the quality of survival (here defined as wellbeing) of older cancer patients for an extended period. This study will provide insight in the evolution of wellbeing (in terms of Qol, depression, functional status and comorbidity) and the most important determinants among older cancer survivors in comparison with younger cancer survivors and older patients without a previous diagnosis of cancer. We expect to find associations between different measures of ageing and wellbeing of older cancer patients, which could help us identify people that need interventions to assure quality of survival and to tailor treatment for older cancer patients. 
